The efficacy of different methods for controlling populations of green apple aphid (Aphis pomi De Geer) in organic apple orchard was compared over three consecutive years. The following three control methods were tested: a) predator activity (Coccinela septempunctata), b) predator activity (C. septempunctata) + selective spraying of trees with infestation level exceeding 10% with a botanical insecticide (NeemAzal T/S), and c) predator activity (C. septempunctata) + total spraying of all orchard trees with the botanical insecticide (NeemAzal T/S). In terms of maintaining a biological balance within an orchard, the combination of natural regulation by C. septempunctata and selective spraying of individual trees with NeemAzal T/S proved to be the most efficient method.
INTRoduCTIoN
The green apple aphid, Aphis pomi De Geer (Homoptera: Aphididae) is a holocyclic and monoecious aphid species that is widespread in the northern hemisphere, particularly in the Western Palaearctic region. It is one of the most important pests in Serbian apple orchards with infestation occurring regularly each year both on globally popular and local apple cultivars. The species is especially harmful in nurseries and young orchards and it characteristically re-infests apple trees over the May-June period (Haley and Hogue, 1990; Kaakeh et al., 1993; Milenković, 2002; van Emden and Harrington, 2007) . A common strategy to control A. pomi in conventional apple orchards in Serbia is based on one or more applications of synthetic insecticides (Milenković, 2002; Stamenković et al., 2007; Tamaš et al., 2012) .
Preventive practices, both mechanized and other physical measures, make the first choice in controlling harmful organisms in organic agriculture. An active ingredient permitted under the EC directive 889/2008, Anex II, may be applied only in case of necessity when such choice is fully justified and on condition of its consistency with relevant domestic legislation. Several insecticides of biological and mineral origin have been approved for use in arthropod pest management programmes in organic crops. Azadirachtin has an important place among them as the main active ingredient of extracts, oils and other products derived from seeds of Azadirachta indica, the Indian neem tree (Milenković et al., 2005; Copping and Duke, 2007; Zehnder et al., 2007; Anonymous, 2011) . Azadirachtin and/or other neem products have proved to be effective in controlling aphids on various host plants, including apples (Lowery et al., 1993; Kienzle et al., 1997; Karagounis et al., 2006; Milenković and Tanasković, 2010; Raudonis et al., 2009) .
On the other hand, application of wide-spectrum bioinsecticides upsets natural biodiversity and affects population abundance of predators, which has a reverse negative effect on production sustainability and inevitability of repeated treatments (Fitzgerald, 2004; Jansen et al., 2010) . The present study aimed to investigate the possibility of effective control of A. pomi on apple trees in organic production by minimal treatment with a bioinsecticide product in combination with the activity of an autochthonous predator population.
MATERIAL ANd METHodS
The trial was conducted in an organic orchard of the autochthonous Kožara apple cultivar (rootstock M26), set up in 2004 and having 4 × 2.5 m row distance, and the trial had three replications on plots of 70 apple trees over three consecutive years (2008) (2009) (2010) . The orchard is located at 235 m altitude at Mršinci, Čačak, Serbia. It tested three control methods: 1) PR = an autochthonous population of the predator seven-spot ladybird (Coccinella septempunctata) as a regulator of aphid abundance on apple trees; 2) PR+S = the same autochthonous predator population + treatment of individual trees with the botanical insecticide (selective treatment); 3) PR+T = autochthonous predator population + treatment of all trees with the botanical insecticide (total treatment). The population density of green apple aphid (A. pomi) was assessed on all plots by inspecting 5 marked shoots per tree on 10 trees per replicate at 15-days intervals over the period April 30-June 30.
The apple trees were treated with 0.1% concentration of the botanical insecticide NeemAzal T/S (a.i. azadirachtin 1%, Trifolio-M GmbH, Germany).
The bioinsecticide was applied by a motorized Stihl knapsack sprayer, using a spray volume of 1 litre per tree. On the PR+S plots, only trees with more than 10% infested shoots were treated after inspection of 10 shoots per tree. The number of treated trees was 3-6. On the PR+T plots, all trees were treated with the bioinsecticide. In 2008 and 2010, the treatments were conducted on May 30, and in 2009 on May 15.
The number of aphids per plot was subjected to ANOVA and the means were separated by Duncan's test (α = 0.05). The data were transformed by √x before analysis.
The relative abundance of aphids was calculated as follows:
where At is the mean number of aphids per plot at the time of spraying, and Ae is the mean number of aphids per plot at the end of trial. The percents were subjected to ANOVA and the means were separated by Duncan's test (α = 0.05). The data were transformed by arcsin√x before analysis. Tables 1-3 show changes in population density of A. pomi in the experimental apple orchard over three consecutive seasons. Treatments with azadirachtin in the first two seasons were conducted at the time when population density was not significantly different among the three trial variants, while population density in the PR plots during the third season was significantly higher at treatment time than it was in the other two variants. Fifteen days after treatment, the efficacy was 78-90% in the PR+T plots, and 69-83% in PR+S plots, depending on season. At the same time, predator activity reduced the population density of aphids in the PR plots by 58% (first season) and 26% (third season), while density increased 26% in the second season. At the end of our trial and the three seasons, population density of A. pomi in the PR plots was significantly higher than it was in the PR+S plots, and the PR+T plots in the second and third seasons. The difference between the PR+S and PR+T plots at the end of the first and second seasons was not statistically significant, while population density of A. pomi in the third season was significantly lower in the PR+S plots. Figure 1 shows the relative abundance of green apple aphids at the end of the trial, compared to their abundance at the time of treatment. In all three seasons, relative abundance in the PR plots was significantly higher statistically than it was in the other two treatment variants, which showed no significant mutual difference in the first and third seasons. In the second season, the relative abundance of A. pomi in the PR+S plots was significantly lower than in the PR+T plots.
RESuLTS ANd dISCuSSIoN
Comparing the PR+S and PR+T plots, we found the selective azadirachtin treatment to be equally good or even more effective than total treatment when population abundance of the predator species was insufficient to reduce prey abundance significantly. The period of conversion from conventional to organic fruit production is three years and it serves also to establish a dynamic balance between predators and prey by applying preventive control measures. The most important preventive measure aimed at reducing plant aphid populations is the preservation of their natural enemies (ladybirds, green lacewings, hoverflies, etc.) by installing shelters for them and forming corridors of flowering plants inside and around orchards (Fitzgerald, 2004; Milenković, 2010; Milenković et al., 2010) . Biopesticides are applied only when preventive measures have proved insufficient.
Azadirachtin and other neem-derived insecticides are regarded as generally compatible with insect natural enemy conservation. However, azadirachtin causes various toxic and/or harmful sublethal effects on Coccinellidae species (Banken and Stark, 1997, 1998; Bernardo and Viggiani, 2002) . In view of a risk of harming predator populations, bioinsecticide use needs to be restricted to a necessary minimum. Another important aspect of organic farming-compatible biopesticides is their cost effectiveness. As the required amount of bioinsecticide was up to 90% lower in the selective treatment than in total treatment, while the same or better effect was achieved in the former, selective treatment was found to be the more effective control measure both from the aspects of economy of organic production and protection of agro-ecosystem. 
